. Although such analyses are of limited use for some species of mosquitoes (e.g. Aedes aegypti), Malpighian tubule polytene chromosomes are excellent material for the detailed cytogenetic analysis of C. quinquefasciatus (Achary 1994 , Campos 2002 and C. pipiens (Zambetaki et al. 1998) . In molecular cytogenetic studies of Culex, salivary gland chromosomes have been used to locate the genes related to insecticide resistance (Heyse et al. 1996 , Tomita et al. 1996 . In the present study, pupal Malpighian tubule polytene chromosome maps were obtained for C. quinquefasciatus and compared with published data for other stages and organs of C. pipiens and C. quinquefasciatus. 
The cytogenetics and molecular biology of the Culicidae can be studied by analyzing their polytene chromosome structure. Culex pipiens is a species complex (Sirivanakarn & White 1978 , Hemingway & Karunaratne 1998 ) that includes C. pipiens Linnaeus, 1758 (s.str.), C. p. quinquefasciatus Say, 1823 and C. p. molestus Forskal, 1775 , which differ from each other primarily in their physiology, behavior, and distribution (Olejnícek & Gelbic 2000) . Salivary gland polytene chromosomes have been used in cytogenetic analyses of this complex (Sutton 1942 , Kitzmiller & Clark 1952 , Kitzmiller & Keppler 1961 , Dennhöfer 1968 , Kanda 1970 , Tewfik & Barr 1974 , Verma et al. 1987 . Although such analyses are of limited use for some species of mosquitoes (e.g. Aedes aegypti), Malpighian tubule polytene chromosomes are excellent material for the detailed cytogenetic analysis of C. quinquefasciatus (Achary 1994 , Campos 2002 and C. pipiens (Zambetaki et al. 1998) . In molecular cytogenetic studies of Culex, salivary gland chromosomes have been used to locate the genes related to insecticide resistance (Heyse et al. 1996 , Tomita et al. 1996 . In the present study, pupal Malpighian tubule polytene chromosome maps were obtained for C. quinquefasciatus and compared with published data for other stages and organs of C. pipiens and C. quinquefasciatus. 
MATERIALS AND METHODS
The mosquitoes were collected in July 1999 and February 2001, and the colonies (Unicamp resistant strains -UNI-R1 and UNI-R2) were maintained in the Department of Zoology at the State University of Campinas. Polytene chromosome preparations were obtained using larval, pupal and adult female Malpighian tubules. The insects were reared under standard conditions (28 ± 1 o C, 70 ± 10% relative humidity) or at different temperatures (20-25 o C). Following dissection in Ringer's solution, the Malpighian tubules were transferred to a siliconized coverglass with aceto-alcohol (1:3) for 60-70 sec and subsequently stained with 2% lacto-aceto-orcein for 2-5 min. The cells were dissected in lactoacetic acid (85% lactic acid-100% acetic acid, 55:45, v/v) then 60% acetic acid was added. This process was completed in about 10 ± 2 min. Squashing was done by gently tapping the covership surface. The pupal chromosome maps were constructed based on published photographs and line drawings of C. pipiens and C. quinquefasciatus polytene chromosomes. The pupal maps were compared with larval (salivary gland) and adult (Malpighian tubule) maps or photographs of C. pipiens (Dennhöfer 1968 , 1974 , Tewfik & Barr 1974 , Heyse et al. 1996 , Zambetaki et al. 1998 ) and C. quinquefasciatus (Kanda 1970 , Verma et al. 1987 , Achary 1994 , Heyse et al. 1996 . The IAL-standard susceptible strain (Adolfo Lutz Institute, IAL-S) originating from Iguape, SP, 1983 (Bracco et al. 1999 ) was used as a control.
RESULTS
The Malpighian tubules of pupae (2 ± 2 h, 20 o C; 24 ± 2 and 30 ± 2 h old, 28 o C) provided the best cytogenetic analysis. The photographic maps of the pupal Malpighian tubule polytene chromosomes are shown in Figs 1 and 2. The polytene chromosomes were numbered 1, 2 and 3 for the shortest, the intermediate and the longest chromosomes respectively. The polytene chromosome comple-ment was divided into 70 sections based on other polytene maps of the C. pipiens complex (Kanda 1970 , Tewfik & Barr 1974 , Verma et al. 1987 , Zambetaki et al. 1998 ). The maps were labeled according to Dennhöfer (1968 Dennhöfer ( , 1974 , with 16, 25 and 29 sections for chromosomes 1, 2 and 3, respectively.
The Malpighian chromosome complement consisted of three pairs of synapsed, banded chromosomes, although asynaptic regions have also been reported (3,4-1R; 26-2R, 30-2L; 62/63-3L). Conspicuous centromeric regions, amorphous regions, and puffs characterized the pupal Malpighian tubule polytene chromosomes of C. quinquefasciatus. The nuclear organizer region was located in section 10C. Other huge puffs were located in sections 11A, 12D, 36A, 53C, 55D and 61D. Fig. 3 shows the third polytene chromosome of adult Malpighian tubules (21-day-old female). The arrows in Figs 2 and 3 indicate areas with different levels of expression. Fig. 4 shows pupal chromosome 31-2L sections with amplified (UNI-R1 strain) and unamplified (IAL-S strain) areas.
DISCUSSION
The banding pattern of polytene chromosomes in the pupal chromosomal maps of C. quinquefasciatus showed close similarities to those of maps, photographs and/or drawings of C. pipiens and C. quinquefasciatus obtained from larval and adult chromosomes. In the present study, were compared two subspecies, three stages (larval, pupal and adult) and two organs (the salivary glands and the Malpighian tubules). The structural differences apparently reflected characteristic physiological processes related to two organs and three stages rather than to huge differences among the subspecies (i.e. C. pipiens and C. quinquefasciatus).
The banding patterns of larval (salivary glands) and pupal (Malpighian tubules) chromosomes were more similar to each other than between pupal and adult chromosomes (Malpighian tubules). More similarities were seen in centromeric regions 2 and 3 of pupal and adult C. quinquefasciatus than between pupal C. quinquefasciatus and adult C. pipiens. The similarity of the three centromeric regions in larval and pupal chromosomes was greater than that for pupal and adult chromosomes, independent of the subspecies and strain.
There were marked differences between the band patterns in pupae and those in larval and adult maps, especially in the 2L (sections 34 to 36), 3R (section 53) and 3L (section 55/56) arms. The band pattern of sections 57-58 (3L arm) was different in adult C. pipiens maps. Variations in band patterns could also result from ecogeographical isolation of the strains. The 31-2L section showed an amorphous area or a single huge puff in the UNI-R1 (Fig.  4a ) and UNI-2 strains. In the IAL-S strain this area is a single diffuse band (Fig. 4b) . This amorphous area was also observed in field strains (Cuiabá, MT, and Campo Grande, MS, Brazil, and Palmira, VA, Colombia) (data not shown). This is the region where the esterase genes associated with organophosphorus insecticide resistance are located in C. quinquefasciatus (Heyse et al. 1996) and C. pipiens (Zambetaki et al. 1998) . Tomita et al. (1996) used a TEM-R1 resistant strain primer of C. quinquefasciatus in C. pipiens molestus to locate this region on the same 2L arm.
Physical maps of polytene chromosome designed to correlate with genetic linkage maps could be developed using fluorescence in situ hybridization (FISH) techniques. This is being done for the metaphase chromosomes of A.
aegypti (Brown & Knudson 1997 , Brown et al. 1995 , 2001 ). The thoracic musculature of mosquitoes is the developmental site for the filarial worms Brugia malayi and B. pahangi, and the Malpighian tubules are the developmental site for Dirofilaria immitis. Despite the importance of the thoracic musculature and Malpighian tubules as developmental sites, efforts to identify the gene(s) or gene product(s) responsible for susceptibility or refractoriness to filarial worm infection at these sites have been few (Beerntsen et al. 2000) . C. quinquefasciatus is easily reared under laboratory conditions and the procedures for obtainig polytene chromosomes from the larval, pupal and adult stages are well described. Thus, cytogenetic analysis together with the approaches already used for insecticide resistance probes can be applied to research on vector competence and to identify the location of cytogenetic markers.
Larval, pupal and adult Malpighian tubule polytene chromosomes contained structural characteristics suitable for locating resistance and vector competence genes. Chromosome maps are fundamental tools for good cytogenetic analyses of this medically and economically important mosquito. The present description of the polytene chromosomes of C. quinquefasciatus provides a cytogenetic basis for future populational studies.
